Summary. The chemotactic activity for neutrophil leucocytes of the isolated spermatozoa and of the sperm-free seminal fluid was studied by a modification of Boyden's technique. Both spermatozoa and seminal fluid were found to attract neutrophils in the presence of serum or plasma, but not in their absence. The activity of seminal fluid is probably mediated in part by the complement system but it is unlikely that the classical haemolytic complement reaction is responsible for the activity of spermatozoa.
INTRODUCTION
The fate of those spermatozoa in the female reproductive tract which do not fertilize the ovum has been the subject of many studies. Phagocytosis of sperma¬ tozoa by polymorphonuclear leucocytes and occasionally by mononuclear cells has been reported in the mouse and rat (Austin, 1957) , golden hamster (Yanagimachi & Chang, 1963) , rabbit (Menge, Tyler & Casida, 1962) , cattle (Howe & Black, 1963) and in man (Moyer, Rimdusit & Mishell, 1970) , and it probably represents an important mechanism for the removal of spermatozoa.
Mobilization of leucocytes from the wall into the lumen of the reproductive tract precedes phagocytosis of the spermatozoa. Thus, in several species a striking migration of polymorphonuclear leucocytes into the lumen of the vagina and uterus is observed shortly after copulation or insemination (Hartman, 1928; Austin, 1957;  Pitkjanen, 1960; Yanagimachi & Chang, 1963) . Various explanations have been proposed for this migration of polymorpho¬ nuclear leucocytes; for example, distension of the uterus with fluid after copulation (Austin, 1957) , bacteria introduced into the uterus (McDonald, Black, McNutt & Casida, 1952) , a direct effect of semen itself (Howe & Black, 1963 , postulated that, since the addition of antibiotics followed by negative bacterial cultures still elicited migration, this response could not have been mediated by bacteria) and the release of a leucotactic substance by spermatozoa in the uterus (Menge et al., 1962) . Of these possibilities, the last seemed to us the most likely. (Keller & Sorkin, 1967a , 1968 (Bokisch, Müller-Eberhard & Cochrane, 1969) and C5a (Snyderman, Shin, Phillips, Gewürz & Mergenhagen, 1969) being highly chemotactic, but there are probably other non-complement-dependent initiators (Sorkin, Stecher & Borei, 1970) . The activity of spermatozoa and of seminal fluid as both cytotaxins and cytotaxigens was examined in this study.
MATERIALS AND METHODS

Gey s solution
This was prepared as described by Paul (1959) and penicillin (200 U/ml) and streptomycin (50 /tg/ml) were added. This medium was used as the diluent in all experiments.
Spermatozoa
Living spermatozoa from normal human donors, attending an Infertility Clinic but with normal sperm counts and normal sperm motility and mor¬ phology, were used. Epididymal spermatozoa from normal guinea-pigs were also used in certain experiments to examine the activity of spermatozoa ob¬ tained under bacteria-free conditions and uncoated with seminal fluid. Appropriate controls were set up as indicated in Tables 1, 2 and 3. Chemotaxis Chemotaxis was measured in vitro using the chamber described by Wilkinson (1971) . This is a simplified and smaller version of the chamber originally described by Boyden (1962) . It is a chamber with two compartments, separated by a 'Millipore' filter membrane. Leucocytes present in the upper compartment will migrate through the filter membrane only when a chemotactic agent is placed in the lower compartment (Text- fig. 1 ). The lower compartment is a 5-ml glass beaker which is filled with 4 ml of the chemotactic substance under test. The upper compartment consists of the sawn-off barrel of a tuberculin syringe with a circular filter glued to the lower end. The cell suspension is placed in the upper compartment before immersion of the latter in the lower compartment. Three upper compartments are suspended in each lower Keller & Sorkin (1967b) .
The tests were incubated for 3 hr at 37°C and the filters then fixed, detached Tables 1 and 2 show that ejaculated human spermatozoa and epididymal guinea-pig spermatozoa exert no chemotactic activity in the absence of serum or plasma. It is also apparent that on addition of fresh unheated guinea-pig serum or plasma to either human or guinea-pig spermatozoa, a chemotactic factor is generated. If plasma is heat-inactivated before being added to the test, this factor is not produced, but if serum is pre-inactivated, its chemotactic effect is usually somewhat greater than that of unheated serum (PL 1, Figs. 1 and 2 ).
Chemotactic activity of sperm-free seminal fluidfrom vasoligated men (Snyderman, Gewürz & Mergenhagen, 1968) . If the seminal fluid itself is preheated to 56°C for 30 min, it shows an identical chemotactic behaviour to that of unheated seminal fluid shown in Table 3 . taxins. This cytotaxigenic activity could be mediated in one or more of the following ways: (a) through activation of complement; (b) through some system in serum or plasma other than complement; (c) through bacterial contamination of the test samples. Samples collected by ejaculation are likely to be contaminated with Gram-negative bacteria (Gunsalus, Salisbury & Willett, 1941; Almquist, Prince & Reid, 1949) and as little as 0-05^g bac¬ terial endotoxin is known to be cytotaxigenic in the presence of serum (Meier & Schär, 1957; Snyderman et al., 1968) . These three possibilities are considered in turn in relation to both seminal fluid and spermatozoa.
(1) Complement
Seminal fluid fixes complement in the conventional haemolytic test and therefore probably generates at least part of its chemotactic activity by way of the complement system, liberating the active fragments described by other workers (Bokisch et al., 1969; Snyderman et al., 1969; Ward, Cochrane & Müller-Eberhard, 1966 ). However, a considerable part of the chemotactic activity of seminal fluid is retained after the serum or plasma has been heatinactivated. This may be due either to a direct action of seminal fluid on one of the heat-stable complement components, by-passing the heat-labile Cl and C2, or to some other non-complement-dependent mechanism.
In contrast to seminal fluid, spermatozoa did not fix complement in a haemolytic test. On the other hand, it has been previously shown that animal spermatozoa fix complement in the presence of normal serum (Edwards, 1960) due to a reaction at the acrosome with a natural antibody of IgG type, which reacts with homologous and heterologous spermatozoa (Beck, Edwards & Young, 1962; Johnson, 1968) . The action of spermatozoa as cytotaxigens may, therefore, either be through complement fixation at levels too low to be detected in our haemolytic tests or it may be complement-independent. The high activity of heated serum and the lack of activity of heated plasma when incubated with spermatozoa are difficult to interpret. This result implies that some system other than the classical haemolytic complement cascade is playing a rôle and that products formed during blood coagulation may be important. Differences between plasma and serum when incubated with cytotaxigens have only previously been reported for chemotaxis of mononuclear phagocytes, using somatic cell extracts (Borei & Sorkin, 1969; Borei, 1970) .
(2) Non-complement-dependent mechanisms
The action of proteolytic enzymes on proteins other than complement may allow release of chemotactically-active split products from these proteins (Wilkinson, unpublished results) . Seminal fluid contains many proteolytic enzymes and especially plasmin-like substances and fibrinolysins (Mann, 1964 Edwards, Johnson & Rowson (1968) were also able to show /^C globulin in human and bovine uterine secretions using diffusion chambers placed in the uterus. Furthermore, the presence of complement-fixing IgG in fluids of the female genital tract, of identical anti¬ body specificity to that present in normal serum, was demonstrated by Symons & Herbert (1971) . It is also highly probable that the proteolytic and fibrinolytic enzymes of seminal fluid which, by analogy with radio-opaque fluid (Rowson, 1955) , is rapidly transported as far as the Fallopian tubes, will react with proteins in the female genital secretions and that they may thus exert a com¬ plement-independent chemotactic effect. Furthermore, endotoxin-producing organisms introduced with the semen might be a further source of activity. Once leucocytes have invaded the uterine lumen, they may themselves act as a source of further chemotactic substances (Borei, Keller & Sorkin, 1969) especially while they are actively phagocytic (Borei, 1970) .
The ovarian hormones influence mobilization of leucocytes in the tissues of the female reproductive tract; thus, in the mouse, there is an accumulation of leucocytes in the uterine wall at about the time of ovulation (Austin, 1957) . However, unmated animals show little (Austin, 1957) or no (Reid, 1965) migration of leucocytes into the uterine lumen at this time. Migration of leucocytes into the lumen towards spermatozoa or other material, e.g. bacteria, is also dependent on the ovarian status. There is, in general, a slower rate of migration into the lumen in the luteal than in the oestrogen phase (reviewed by Haynes, 1967) .
We would suggest that the migration of leucocytes into the lumen of the female genital tract after mating may be explained largely in terms of chemo¬ tactic attraction towards factors present in the semen. Our experiments have not, however, clarified which of several possible mechanisms is of greatest importance in causing this cell migration.
